The recently developed stereospecific sodium salt glycosylation procedure has been successfully applied to the synthesis of the ß-D-2'-deoxyribofuranosides of benzimidazole, 5,6-dihalogeno benzimidazoles, and some 2-substituted analogues in high yield. The 5,6-dibromo analogue was obtained by bromination of the parent nucleoside. These have all been characterized by spectro scopic methods, including 'H NMR, which permitted analyses of their solution conformations and comparison with those of the corresponding ribofuranosides. Some biological aspects, including preliminary results on cytotoxicity and antiviral activity, are briefly considered. T he results of one study w ith som e structural an a lo gues of D R B [4] suggested the utility of synthesizing som e of the corresponding 2'-deoxyribosides, and a com parison of their activities w ith th a t of the p are n t D R B .
instances of the existence of a-an o m eric nucleosides in biological system s e.g. 5,6-dim ethyl-l-a-Dribofuranosylbenzim idazole, which is a constitu en t of vitam in B 12 . C onsequently the availability of a pro ced u re for obtaining uniquely the ß-anom ers should also prove of utility in distinguishing the m ixture of tw o anom ers resulting from the use of classical m ethods.
Results and Discussion
T he stereospecific sodium salt glycosylation p ro ce d u re [10] was applied to the synthesis of 2'-deoxyribosides of benzim idazole analogues as previously described, and the results testify to the general a p plicability of this m ethod. In the presen t case the cond en satio n p rocedure is facilitated by the ease w ith w hich benzim idazoles form sodium salts, w hile the sym m etry of 5,6-disubstituted analogues of b en z im idazole excludes possible form ation of positional isom ers.
T he sodium salts of the various benzim idazoles w ere p rep a re d in situ by tre a tm e n t with N aH in aceto n itrile. T he con d en satio n p ro ced u re then in volved portionw ise ad dition, w ith continuous stirring a t room te m p e ra tu re , of l-chloro-2-deoxy-3,5-di-0-ptoluoyl-a-D -eryr/iropentofuranose. T his was follow ed by isolation of th e blocked nucleosides by colum n ch ro m ato g rap h y in excellent yields, and deblocking w ith sodium m eth o x id e, as show n in Scheme 1, and d escribed in E x p erim en tal, below .
T he one exception to the foregoing was the 5,6-d ib ro m o an alo g u e, which was o b ta in ed by brom inatio n of l-(2'-deoxy-ß-D -ribofuranosyl)benzim idazole, as elsew here described for brom ination of the riboside and a-a ra b in o sid e of benzim idazole [15] .
T h e stru ctu res of th e synthesized deoxyribonucleosides w ere established by m eans of: (a) E le m en ta ry analysis (d ata in E x p erim en tal section, below ); (b) U V ab so rp tio n spectroscopy (d ata in T able I), w hich show ed th at the absorption spectra are sim ilar to th o se for the corresponding ribonucleosides [15, 16] Table III . Coupling constants in Hz and conformational parameters for the sugar rings and exocyclic groups of the l-(2'-deoxy-D-ribofuranosyl) derivatives of benzimidazole and substituted benzimidazoles.
7(H,H) Conformer population (%)
Base analogue 4,5 5,6 6,7 4.6 5.7 Table II makes possible determination of only the mean value of 7(4',5') and 7(4',5"), and not of 7(5',5"). This permits of assignment of only the gauche-gauche population. b The sugar conformation in these derivatives differs from that of ordinary 2'-deoxynucleosides. The values for the C(2')endo populations are therefore approximate.
in T ables II and III). T he N M R d ata w ere also em ployed to evaluate the conform ation in solution of the various com pounds, as described in the follow ing section. Som ew hat surprising was the observation th a t the 2-trifluorom ethyl congener of 5,6-dichlorobenzim idazol 2'-deoxyriboside was unstable in aq ueo u s m edium . It und erw ent cleavage of the glycosidic bond at a rate of 20-30% p er day at room te m p e ra tu re, readily placed in evidence by ch rom atograp h y . In anhydrous m edium , e.g. dim ethyl sulfoxide, it was fully stable, as show n by N M R spectroscopy. By co n trast, the corresponding ribofuranoside is stable in b oth aq ueous and non-aqueous m edia [17] . W hile no in te rp re tatio n is available for the lability of the deoxyriboside in aqueous m edium , it will have to be taken into consideration w hen em ployed in biologi cal experim ents.
N M R data and conform ational analysis
T he 'H chem ical shifts for all the foregoing n u cleosides are listed in T able II. T he values of the p ro to n -p ro to n vicinal coupling constants, and th e re sults of the conform ational analyses, are p re se n te d in T able III. [19] w ith the aid of a p rogram devised by D r. B. Lesyng. F or those n u cleosides w ith bulky substituents at C (2), the co n fo r m ational p aram eters N P, SP, STm and N T are so m e w hat m odified, testified to by the increase by ab o u t 2 Hz of the sums of the coupling constan ts 7 (1 ',2 ') + 7 (3 ',4 '), and by ab o u t 1 H z the values of the cwoidal coupling constants 7 (2 ',3 '). This is m ost likely due to partial flattening of the sugar rings, as in the case of the corresponding benzim idazole ribonucleosides [16, 21] , E xocyclic group conform ations w ere d eterm in e d on the assum ption of the existence of an equilibrium betw een th ree classical ro tam ers, gauche-gauche, gauche-trans and trans-gauche, as for furanose rings and nucleosides [20] , R o tam e r populations w ere cal cu lated from the relatio n sh ip of H aasnoot et al. [19] . It will be n o ted (T able II) th a t the gauche-gauche p o p u latio n is p red o m in an t, and increases ap p reci ably on in tro d u ctio n of a bulky C(2) substituent.
G lycosidic b o n d conform ation. It has been prev i ously show n th a t, in th e case of benzim idazole n u cleosides, th e values of the chem ical shifts of the sugar p ro to n s, and principally th a t of H (2 '), to g eth er w ith th e chem ical shift of the heterocyclic ring H (7 ), provide in fo rm atio n ab o u t the conform ation at the glycosidic b o n d [21] , T his applies also, as regards the chem ical shift o f H (7 ), to analogues with sim ilar su b stitu en ts at th e ring C(5) and C(6). Since for b en z im idazole nucleosides w ith bulky substituents at C(2) the co n fo rm atio n syn is p red o m in an t [21] , it m ay be concluded th a t this also prevails for the 2'-deoxynucleosides exam ined h ere , as in the case of rib o fu ran o sid es [16, 21] ,
B iological aspects
T he biological activities of the foregoing com p o unds are presen tly u n d er investigation, and will be re p o rte d on elsew here. T hey do not ap p ear to be su b strates, o r in h ib ito rs, of adenosine kinase and p u rin e nucleoside p h osphorylase (unpublished d ata). T he results of previous studies [4, 22] suggest th at several o f th e m should m im ic the inhibitory effects of D R B on h n R N A tran scrip tio n .
T he re p o rte d antiviral activities of D R B and som e of its an alo g u es, review ed elsew here [1] are, how ev er, in a p p a re n t conflict w ith the results of o th ers [23, 24] , w ho concluded th at these activities w ere due to secondary effects on m etabolic processes of the host cells. In prelim inary tests on HSV-1 infected V ero cells, u n d er conditions w here viral replication was effectively in hibited by 25 (xm of 5-iodo-2'-d eo x y u rid in e, it was found th at D R B and several of its analogues exhibited com p arab le activities only at c o n c en tratio n s of 100-200 [xm. F u rth er exam ination show ed th a t th e ap p a ren t activities of these com p o u n d s w ere, in fact, due to cytotoxicity vs the host cells. T his is being fu rth e r exam ined, using o th er host cells.
Experimental
M elting p o in ts (u n co rr.) w ere m easured on a B oetius m icroscope hot stage. U V absorption spec-tra w ere run on a Zeiss (Jena, G D R ) VSU -2 spec tro p h o to m e te r. E lem entary analyses w ere p e r fo rm ed w ith a P erkin-E lm er M odel 240 instrum ent at th e In stitute of O rganic C hem istry, PA N . *H N M R spectra w ere recorded on a B ru k er A M 270, using 0.04 m solutions of th e com pounds in D M S O -d6 w ith M e4Si as internal stan d ard . V alues of chem ical shifts are given to ± 0.005 ppm , and of coupling constants to ± 0.2 H z.
l- (2 '-d eo x y-ß -D -rib o fu ra n o sy l)b e n zim id a zo 
A ckn o w led g em en ts
W e are in d e b ted to D r. W . H . P rusoff (Y ale U n i v ersity) for p relim in ary tests of antiviral activity and cytotoxicity; to P rof. D r. H . R u te rja n s (F ran k fu rt
